HPLC separation method based on chiral stationary phases (CSPs) has become one of the most attractive approaches to chiral separations, due to their simplicity for determining optical purity and easy extension to the semipreparative and preparative scales. 1 One of the major problems in using many CSPs is their narrow range of analyte applicability; they can only discriminate a limited number of specific types of chemical entities, and it is frequently necessary to derivatize the compounds of interest to achieve separation. 2 On the other hand, the polysaccharide derivative-based CSPs developed by Okamoto and co-workers [3] [4] [5] [6] have proven to be highly versatile and rugged. Okamoto reported the resolution of 64% of 483 racemic mixtures on cellulose tris(3,5-dimethylphenyl carbamate) (CDMPC) and 80% were successfully resolved on either the cellulose or the corresponding amylose carbamate (ADMPC). 7 Fast method development, high efficiency, rapid resolution of enantiomers, and robustness are the main criteria for chiral separation methods, especially in the pharmaceutical industry. These priorities require stable CSPs capable of achieving baseline separations in the minimum time, which ultimately means high selectivity and efficiency. Silica is the most popular choice for support for HPLC stationary phase ligands due to the mechanical strength, wide range of particle and pore dimensions, pore structure and well-established silane chemistry. However, silica and bonded phase ligands have stability problems. Silica dissolves in mobile phase buffered at or above pH 8 with loss of bonded phase ligand and column packing. 8 Loss of organosilanes from the silica surface via hydrolysis proceeds rapidly at low pH (< 3) and at higher temperature (40 o C). These deficiencies of the column packing create problems of poor injection reproducibility, poor peak shape, and high backpressure, thus making method development tasks difficult. Over the last decade, zirconia has received considerable attention as a stationary phase support for HPLC. 9, 10 Zirconia particles are very robust material; they show no detectable signs of dissolution over the pH range from 1 to 14 and have been used for prolonged periods at temperatures up to 200 o C in chromatographic separations. We recently reported preparation of zirconia based CSPs with cellulose, bovine serum albumin and β-cyclodextrin for use in either normal or reversedphase LC separation of chiral compounds. [11] [12] [13] [14] In this work we compared chromatographic performances of chiral separation for ADMPC and CDMPC coated on 3-µm zirconia particles by measuring retention of a set of racemic compounds on them. We used narrow-bore (1-mm ID) columns that lead to many advantages such as low consumption of both mobile and stationary phases etc.
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Experimental Section
Reagents and materials. All reagents used for the preparation of the stationary phase were reagent grade or better. Microcrystalline cellulose and amylose were purchased from Nakarai Chemicals (Japan). 3,5-Dimethylphenyl isocyanate, N,N-dimethylacetamide and pyridine were obtained from Aldrich (Milwaukee, USA). Zirconia, having a mean pore size of 30 nm and a mean particle diameter of 3 µm, was obtained from ZirChrom Separations (Anoka, USA). Acetone, and 2-propanol were HPLC grade (J.T. Baker, Phillipsburg, USA). n-Hexane and tetrahydrofuran (THF) were purchased from EM Sciences (Gibbstown, USA). The racemic compounds studied are shown in Figure 1 . All are commercially available. Solutions at a concentration of 0.1 mg/mL were prepared by dissolving the compounds in the mobile phase.
Preparation of CDMPC and ADMPC. CDMPC and ADMPC were synthesized as previously reported 5, 18 and were characterized by elemental analyses, IR and NMR spectroscopy. The data indicated that hydroxyl groups of cellulose and amylose were almost completely converted to the corresponding carbamate groups.
Preparation of CDMPC and ADMPC coated zirconia. To dehydroxylate zirconia's surface, the particles were Notes heated at 750 o C for 5 h and cooled over phosphorus pentoxide before use. Typically, 1.0 g of particles was suspended in 10 mL of THF and sonicated under vacuum for 15 min to eliminate the air from the pores. Polymer loading of 4% by weight was chosen since this loading has been shown to offer excellent chiral recognition ability and column efficiency. 11, 13 The corresponding amount of CDMPC or ADMPC was dissolved in 10 mL of THF and the solution was added to the slurry of zirconia in THF using a syringe pump at a rate of 0.04 mL/min (~4 h). The suspension was stirred overnight and then the solvent was slowly removed by rotary evaporation at room temperature. Finally, the particles were dried in vacuum at 50 o C. Chromatography. Packing materials were suspended in a (1 : 1) hexane/2-propanol mixture and packed into 25 cm × 1 mm (ID) columns using the downward slurry method at ca. 7000 psi. 
Results and Discussion
The performance of a column packed with ADMPC and CDMPC-zirconia is shown for the resolution of trifluoro- anthryl ethanol in 90 : 10(v/v) hexane/2-propanol (Fig. 2) . Retention factors (k) for this analyte under the conditions used are small but its enantiomers are baseline resolved with separation factors of 1.55 and 2.75 on ADMPC-and CDMPCzirconia, respectively. Separation data of twelve racemic compounds are listed in Table 1 . Most of the racemic compounds studied were well resolved on the two CSPs. Retention and chiral selectivities of ADMPC-and CDMPCzirconia vary extensively with the type of chiral compounds as can be seen in Figure 3 . For seven alcohols (1-7) investigated selectivity factors are in general greater on CDMPC than ADMPC while retention is always longer on ADMPC than CDMPC. For two bases (8, 9) retention values are similar on the two columns but chiral selectivity is better on ADMPC-zirconia than on CDMPC-zirconia. For two cyclic ethers (10-11) retention is very short on both columns but selectivity of CDMPC is much greater than that for ADMPC. For two lactones and cyanide (12) (13) (14) both retention and selectivity are greater on ADMPC than on CDMPC. The CDMPC-and ADMPC-coated zirconia CSPs show complementary chiral recognition capability for types of the racemates studied.
The stability of the polysaccharide-zirconia columns were checked by measuring retention factor of the first eluting enantiomer of Tröger's base after passage of every 500 column volume of the eluent through the columns. There was only less than 2% decrease in retention factor of the test solute for the both columns after 6,000 column volume. The high enantioselectivity of the zirconia CSPs may allow for the use of a shorter column for reduced analysis time and solvent consumption. 
